INTRODUCTION
Platelet-derived growth factor (PDGF) is a ubiquitous, potent mitogen and chemotactic factor for many connective tissue cells, which occurs as a three-disulfide-linked dimer composed of two homologous chains, A and B (1, 2) . The biological function of PDGF is mediated through binding to two cell surface proteins, PDGF receptors α and β (3) (4) (5) . Binding of PDGF to the extracellular part of either receptor type leads to dimerization of receptor molecules, followed by activation of the receptor protein-tyrosine kinase (6) and generation of phosphorylation-mediated signals that initiate the biological response (7, 8) . Ever since the discovery, in 1983, that the v-sis oncogene of the simian sarcoma virus is a retroviral homolog of the cellular gene encoding the B chain of PDGF (9, 10) , much attention has been focused on the relationship between PDGF-B expression and malignant transformation. The hypothesis that unscheduled production of PDGF may contribute to the growth of spontaneous tumors is supported by the finding that PDGF is frequently produced by cell lines from human tumors such as glioblastoma and fibrosarcoma (11) , melanoma (12) , breast carcinoma (13) , lung carcinoma (14) , glioma (15) , esophageal carcinoma (16) and Kaposi's sarcoma (17) . Gene transfer experiments have shown that overexpression of the normal human PDGF-B gene (c-sis, proto-oncogene) can cause the generation of fibrosarcoma (18) , vascular connective tissue stroma with no necrosis (19) and tumorigenic and metastatic effects (20) (21) (22) . Furthermore, PDGF has been implicated in the pathogenesis of several non-malignant proliferative diseases including atherosclerosis (23) (24) , fibrosis (25) , restenosis following vascular angioplasty (26) , giant cell arteritis (27) , aseptic loosening (28) and bronchiolitis obliterans syndrome (29) , etc.
The accumulating evidence for the involvement of PDGF in a variety of human proliferative disorders has led to a search for specific inhibition of PDGF expression. Oligonucleotides offer enormous potential for manipulating gene function by binding selectively to DNA [antigene or triplex forming oligonucleotides (TFOs)], to RNA (antisense and ribozyme oligonucleotides) and to proteins (aptamers). By now, antisense oligonucleotides (30) , ribozymes (31) and aptamers (32) have been reported to specifically inhibit PDGF expression, yet, to our knowledge, no TFOs have ever been used to inhibit c-sis/PDGF-B proto-oncogene expression on a transcription level.
Oligonucleotide-directed triplex formation involves pyrimidinerich (pyrimidine motif; T:A-T and C:G-C triplets) or purinerich (purine motif; T:A-T and G:G-C triplets) oligonucleotides binding to a homopyrimidine/homopurine sequence in the major groove of duplex DNA. This method allows highly sequence-specific DNA recognition (33) . Interest in triplexes was revived with the finding of Cooney et al. in 1988 that a purine oligonucleotide motif formed a triplex with a region of the c-myc P1 promoter and inhibited the in vitro transcription of the c-myc gene (34) . A large number of genes have since *To whom correspondence should be addressed. Tel: +86 21 6437 4430; Fax: +86 21 6433 8357; Email: yxjin@sunm.shcnc.ac.cn been regulated through triplex formation, including HIV (35, 36) , HER2/neu (37), tumor necrosis factor (38) , the interleukin-2 receptor (39), dihydrofolate reductase (40), Ha-ras (41), aldehyde dehydrogenase (42), granulocyte-macrophage colony-stimulating factor (43) , DNA polymerase α (44), rat α1(I) collagen (45), insulin-like growth factor type I receptor (46, 47) , rhodopsin (48) and bcl-1 (49), etc. In this study, we investigated the capacity of TFOs to reduce c-sis/PDGF-B proto-oncogene transcription. Twenty potential purine motif TFOs of different sequence or length were designed against a dominant regulatory element within the PDGF-B promoter. Here we present data showing that 10 of them were able to form sequence-specific triplexes with the target site, and three of them effectively reduced the transcription level of the PDGF-B proto-oncogene in PMA-treated human K562 cell line.
MATERIALS AND METHODS

Oligonucleotides
All oligonucleotides were synthesized on a Beckman-Oligo1000 DNA synthesizer and purified by preparative 15-20% polyacrylamide gel electrophoresis. Duplex oligonucleotides were prepared by mixing equal amounts of complementary single strands in the presence of 0.25 M NaCl. The mixtures were annealed and purified on a 12% polyacrylamide gel, eluted and concentrated by ethanol precipitation.
Vectors
pUC18SPE was constructed by inserting the synthetic 38 bp double-stranded oligonucleotides between the SacI and SmaI sites of pUC18 containing both SIS proximal element (SPE) and purine rich region (PRR) as shown in Figure 1 . Plasmid pGL3promoter was constructed as follows: a synthetic PDGF-B promoter (-252 to +3) was constructed by a technique of oligonucleotide overlap extension, and amplified by PCR. The resulting 255 bp fragment was cloned between the SacI and SmaI sites of pUC18 to give pUC18promoter, sequenced then subcloned into the SacI-HindIII site of the pGL3basic vector (Promega). To create pneo r GL3promoter and pneo r GL3control, pneo r BSK(+) (constructed by our group) was digested with KpnI and SacI to release the 1.5 kb neo r gene fragment, which was in turn subcloned into the KpnI-SacI site of pGL3promoter and pGL3control (Promega). Plasmid pRLSV40 was obtained from Promega.
Cells
Human K562 erythroleukemia cells were obtained from American Type Culture Collection (CCL243, Rockville, MD) and maintained in complete RPMI (RPMI 1640 supplemented with 10% fetal bovine serum, 1 mM L-glutamine, 10 mM HEPES, 100 U/ml penicillin and 50 µg/ml streptomycin) in a 37°C/5% CO 2 incubator.
Gel mobility shift analysis of triplex formation
The synthetic coding strand of PRR (15 bp) or SPE-PRR (35 bp) triplex target sequence was labeled with [γ-32 P]ATP by T4 kinase and annealed to its oligonucleotide complement. The resulting duplex was purified on a 12% polyacrylamide gel, eluted and concentrated by ethanol precipitation. Potential TFOs were heated at 95°C for 3 min to avoid self-aggregation of the G-rich oligonucleotides, then cooled on ice before adding to the labeled 15 or 35 bp targets in 20 mM sodium cacodylate-HCl, pH 7.4, 10 mM MgCl 2 , 150 mM KCl and incubated at 37°C for 2 h. Samples were analyzed by electrophoresis on 10-15% native polyacrylamide gels at 4°C 100 V for 4 h. Gels were dried and autoradiographed at -70°C. Both gel and running buffer contained 90 mM Tris-borate, pH 8.0, 10 mM MgCl 2 .
DNase I footprinting
A 262 bp fragment with HindIII(399) and PvuII(628) sites containing the SPE (439-444) was isolated from pUC18SPE. This fragment was labeled at the HindIII site with [α-32 P]dATP using the Klenow fragment of Escherichia coli DNA polymerase I. After incubation at 55°C for 5 min then cooling on ice, the labeled 262 bp fragment was incubated with increasing concentrations of TFO1, 17 and 19 that had been heated at 95°C for 3 min and cooled immediately, in 20 mM sodium cacodylate-HCl, pH 7.4, 10 mM MgCl 2 , 150 mM KCl at 37°C for 2 h. Samples were precooled on ice, then digested with DNase I for 40 s on ice. Digestion was terminated by the addition of 20 mM EDTA in 98% formamide followed by heating at 95°C for 5 min to inactivate DNase I. Samples were quickly cooled on ice, then analyzed by electrophoresis on an 8 M urea, 9% polyacrylamide sequencing gel at 50 W. The gel was dried and autoradiographed at -70°C.
Protein binding assays
Nuclear extracts from PMA-treated K562 cells were prepared according to the method of Dignam et al. (50) . A 255 bp fragment of the human PDGF-B gene promoter (-252 to +3) with EcoRI and SmaI ends isolated from pUC18promoter was labeled with [α-32 P]dATP at the EcoRI site using the Klenow fragment of E.coli DNA polymerase I. The probe was incubated with increasing concentrations of TFOs in 3 µl 20 mM sodium cacodylate-HCl, pH 7.4, 10 mM MgCl 2 , 150 mM KCl. After preincubation at 37°C for 2 h, 6 µg PMA-treated K562 cells nuclear extracts were added, resulting in a final volume of 10 µl containing 20 mM Tris-HCl, pH 8.0, 5 mM MgCl 2 , 5 mM CaCl 2 , 0.1 mM EDTA, 0.1 mM DTT, 0.5 µg BSA, 100 mM KCl, 3% glycerol and 1 µg poly(dI-dC). The DNA-protein mixtures were kept at room temperature for 15 min, followed by electrophoresis in a 5% polyacrylamide gel in 0.25× TBE (22.5 mM Tris-borate, 0.5 mM EDTA) at 10 V/cm at room temperature for 2 h. Gels were then dried and autoradiographed at -70°C. 
Transient transfection experiments
Aliquots of 40 µg pGL3promoter or pGL3control were incubated with increasing concentrations of TFOs in 20 mM sodium cacodylate-HCl, pH 7.4, 10 mM MgCl 2 , 150 mM KCl at 37°C for 2 h before transfection. Exponentially growing K562 cells were counted, harvested by centrifugation and resuspended in RPMI 1640 to a concentration of 1.25 × 10 7 cells/ml. For each transfection, 6.25 × 10 6 cells (0.5 ml) were mixed on ice with plasmid-TFO mixtures and 0.5 ng pRLSV40 plasmid (Promega). The cell-DNA mixtures were pulsed at 300 V/975 µF capacitance using a Bio-Rad Gene Pulser and immediately resuspended in complete RPMI. Approximately 24 h after electroporation, the cell culture volumes were treated with phorbol 12-myristate 13-acetate (PMA; final concentration 2 ng/ml; Sigma Chemical Co.). Cultures were harvested ∼48 h after electroporation by centrifugation, washed three times with cold PBS and resolved in 500 µl lysis buffer (Luciferase Assay System, Promega). After 1 h at room temperature, the lysate was collected. A 30 µl volume of the lysate was added to 30 µl of luciferase assay Reagent II (Promega) in a clear polystyrene 12 × 75 mm tube, which was immediately placed in a luminometer (Lumat LB 9507, EG&G Berthold) and light production was measured for 10 s. The first measurement was firefly luciferase activity from pGL3promoter plasmid, then 30 µl of Stop & Glu reagent (Promega) was added immediately to measure the Renilla luciferase activity from pRLSV40 plasmid. Relative firefly luciferase activity was indicated by the proportions of the first and second measurements.
Stable transfection experiments
To establish the K562 luciferase or control cell line, 20 µg pneo r GL3promoter or pneo r GL3control was mixed with 6.25 × 10 6 cells in 0.5 ml RPMI 1640 on ice and electroporated as described above. Approximately 48 h after transfection, 0.5 mg neomycin analog G418 (Gibco BRL) was added to culture medium per ml. The transfectants were replenished with fresh selection medium every 2-3 days. Resistant colonies were pooled into a 96-well plate after 2 weeks of selection and propagated in the presence of 0.5 mg/ml of G418. 6.25 × 10 6 cells K562 luciferase and control cells were electroporated as described above in 0.5 ml RPMI 1640 containing 50 µM TFOs. Twelve hours after electroporation, the cells were treated with PMA as mentioned above. Twenty-four hours after electroporation, cells were harvested and counted. The firefly luciferase activity of equal numbers of living cells was measured as above.
RESULTS
Selection of target sites and design of TFOs
The human c-sis/PDGF-B promoter contains a 20 bp SPE, which is the binding site for the Sp family of transcription factors. Ablation of this region results in a complete loss of promoter activity (51, 52) . The SPE sequence has a run of 20 pyrimidines interrupted by three T-As and one C-G, while the 15 bp PRR downstream is strictly homopurine/homopyrimidine run (Fig. 1) . A series of purine motif TFOs of different sequence or length were designed (Table 1) : a 16mer TFO1 was designed to target the perfect 15 bp PRR. G was placed in the oligonucleotide in apposition to each G-C pair in the target (G:GC triplet) while A was placed in apposition to each A-T pair (A:AT triplet). A 13mer TFO2 was the same as TFO1 except without three As at the 3′-end. Twelve 22mers, TFO3-14, were designed to target part of the SPE and the entire PRR. At each inversion site, C, G, A or T was aligned with the C-G (C:CG, G:CG, A:CG or T:CG triplets) and T, A or G was aligned with the T-A (T:TA, A:TA or G:TA triplets). Another two 33mers, TFO15-16, were designed to target the entire SPE and PRR, with T at the C-G and A or G at the T-A. TFOs17-20 were the same as TFOs13-16, respectively, except for the addition of three As at the 3′-end. TFOs1-20 were all antiparallel in orientation to the target purine strand, while another TFO-p, with the same sequence as TFO1, was in parallel orientation.
Triplex formation with the c-sis/PDGF-B promoter
Triplex formation was demonstrated by gel mobility shift analysis and DNase I footprinting.
In gel mobility shift assays, triplex DNA migrates more slowly than duplex DNA because of its decreased charge density. First, the 16mer TFO1 and the 13mer TFO2 in antiparallel orientation, together with the 16mer TFO-p in parallel orientation, were used to bind PRR. The results are shown in Figure 2 (a-c). As expected, increasing concentrations of TFOs1 and 2 shifted the 16 bp duplex target (D) to a distinct, more slowly migrating band (T). The equilibrium dissociation constant (K d ) for third strand binding was estimated as the concentration of TFO at which apparent binding was half maximal (53) . The results from darkness scanning showed that the K d of TFO1 was at 0.8 µM, while that of TFO2 was at 0.2 µM. This 4-fold difference between TFOs1 and 2 is similar to the results obtained by Arimondo et al. (54) , indicating the negative effect of the three As at the 3′-end of the TFOs on their binding affinity to the target. However, both TFOs showed complete formation of triplex DNA at 3 µM. In contrast, TFO-p with an identical sequence to TFO1 but in a parallel orientation to the target purine strand, did not show any triplex formation under the same conditions. Then, 12 22mers, TFO3-14, without the three As at the 3′-end were screened for the best choice of bases at each inversion site in the target. As shown in Figure 2(d-f) , TFOs12-14 shifted the 35 bp duplex to triplex in a concentration-dependent manner. At 3 µM concentration, TFO12 shifted ∼25%, TFO13 ∼80% and TFO14 100% duplex to triplex. In contrast, TFOs3-11 did not have any effect on the target at a concentration as high as 50 µM (Fig. 2i) . According to Table 1 , at the C-G conversion site C, G or A were placed in TFOs3-11, while T was placed in TFOs12-14. TFO12 had a T, TFO13 an A and TFO14 a G against the T-A conversion site. These results indicate that a single base change in the TFO sequence at the mismatched site will dramatically reduce its ability to bind the duplex target, which further shows the sequence specificity of TFOs. Based on these results, another two 33mers, TFO15 and 16, were designed with a T at the C-G conversion site, an A at the first two T-A conversion sites and A or G at the third T-A conversion. As shown in Figure 2 (g and h) , increasing concentrations of TFOs15 and 16 can shift the target duplex to triplex. At 3 µM concentration, both TFOs shifted 100% duplex to triplex. To explore the effects of the three As at the 3′-end of TFO, TFOs17-20 were designed with the same sequences as TFOs13-16, respectively, with the addition of three As at the 3′-end. Gel mobility shift analysis was done and the K d was estimated as mentioned above. Triplex formation by TFOs17-20 occurred in a similar concentration-dependent manner to TFOs13-16 (data not shown). The K d data shown in Table 1 indicates that the absence of the three As at the 3′-end provided a 4-fold increase in triplex stability, however, as shown in Figure 2j , at 20 µM, TFOs17-20 shifted 100% duplex to triplex, as did TFOs1 and 2 and TFOs13-16. Therefore, at higher concentrations, both types of TFO (with or without three As at the 3′-end) were able to form triplex quite well.
DNase I footprinting experiments further confirmed that triplex formation occurred in a sequence-specific manner. As shown in Figure 3 , protection of the target sequences by TFO1, 17 and 19 were concentration-dependent in a manner consistent with the gel mobility shift analysis. At 20 µM, the antiparallel TFO1, 17 and 19 yielded similar DNase I protection patterns documenting complete protection of the 16, 25 and 35 bp target sequence, respectively. These data further suggest that triplex formation is completely sequence-specific.
Effect of triplex formation on nuclear factor binding
The effect of oligonucleotide-directed triplex formation on nuclear factors binding to the 255 bp promoter fragment was determined by protein binding assays (Fig. 4) . This fragment, lying immediately 5′ to the SIS/PDGF-B mRNA initiation site (+1), contains SPE between -58 and -39, which is the binding site for the Sp family of transcription factors including Sp1 and Sp3 (at least). In Figure 4 , lane 2 contains the labeled 255 bp c-sis/PDGF-B promoter alone, while lane 1 shows that the labeled 255 bp target is bound by nuclear factors as evidenced by retardation of labeled duplex target following incubation with nuclear extracts of PMA-treated K562 cells. In lane 3, 20-fold unlabeled 255 bp target competed with the labeled target and bound most of the nuclear factors. Increasing amounts of TFO (1, 5 and 20 µM) successfully eliminated the formation of protein-DNA complexes partly (TFO1, lanes 5-7) and completely (TFO18, lanes 11-13; TFO20, lanes 14-16). In contrast, lane 4 shows that 20 µM TFO3 has little effect on the binding between nuclear factors and duplex target. Compared with TFO1, TFO2 has a rather slight effect on protein binding, as indicated in lanes 8-10.
Effect of triplex formation on c-sis/PDGF-B transcription
A reporter plasmid pGL3promoter carrying a firefly luciferase gene driven by the 255 bp c-sis/PDGF promoter was constructed to measure the in vivo effects of TFOs on c-sis/PDGF-B transcription. Triplex was formed in vitro by incubating supercoil pGL3promoter with increasing concentrations of TFO (1, 5 and 20 µM), and then the entire DNA complex was transfected The equilibrium dissociation constant (K d ) for third strand binding was estimated as the concentration of TFO at which apparent binding was half maximal, as judged by gel mobility shift assay in Figure 2 .
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into K562 cells. A dose-dependent decrease of luciferase activity was observed in all the three kind of TFOs. At 20 µM, TFO1 caused a 56% decrease in luciferase activity, while TFO18 caused a 68% and TFO20 an 87% decrease. As a non-triplex-forming control, TFO3 had little effect on luciferase activity. At the same time, all TFOs have no effect on the expression of firefly luciferase driven by SV40 promoter in pGL3control plasmid under the same conditions (Fig. 5A ). For stable transfection experiments, another two K562 cell lines were created. One was the K562 luciferase cell line, which was stably transfected with pneo r GL3promoter, the other was K562 control cell line, which was stably transfected with pneo r GL3control. Twentyfour hours after electroporating both cell lines with 50 µM TFOs, a marked decrease of luciferase activity was observed only in the former cell line. The inhibition of luciferase activity was as high as 51% by TFO1, 69% by TFO18 and 82% by TFO20. Again, as expected, all TFOs have no effect on the K562 control cell line, neither did TFO3 have any effect on the K562 luciferase cell line at 50 µM (Fig. 5B) . These results suggest that inhibition of PDGF-B transcription by TFOs is due to sequence-specific triplex formation within the PDGF-B promoter.
DISCUSSION
The intracellular, autocrine growth circuit of growth factors is extremely important to the maintenance of tumor cell lines. These interactions are usually inaccessible to therapeutic strategies such as extracellularly-added antibodies or receptor antagonists. In a variety of neoplastic conditions where PDGF-B is implicated, the activation of the endogenous PDGF-B gene remains an important step within the PDGF-B autocrine loop, a step that could potentially be targeted to achieve suppression of the growth-promoting circuit. Compared with antisense or ribozyme techniques, the triplex strategy has a potential stoichiometric advantage, because there are generally one to two targets per cell as compared with the hundreds to thousands of mRNA targets for antisense or ribozyme oligonucleotides, thus offering the potential for lowdose long-acting therapeutics. The major limitation of the application of oligonucleotide-directed triplex formation to naturally occurring sequences is the requirement for predominantly homopurine/homopyrimidine tracts. Fortunately, these tracts occur relatively often in the promoters of eukaryotic genes and mostly take an active part in the control of gene transcription (55) . Previous studies on TFOs targeting the coding tract of a gene suggest a non-permanent barrier to chromosomal replication where the DNA replication/recombination complex could efficiently remove the block (56) . Accordingly, inhibition of transcription through intermolecular triplex formation with the promoter is very attractive.
Two previous studies on the regulatory elements of the human PDGF-B (c-sis, proto-oncogene) have shed considerable light on the cis-acting elements, trans-acting factors and their functional properties. The 20 bp SPE region within the promoter immediately upstream of the transcription start site is the binding site for the Sp family of transcription factors including Sp1 and Sp3. This region is essential for transcriptional activity, and thus provides an attractive target for the design of a sequence-specific DNA binding agent that may inhibit transcription of this biologically important gene.
Since a single interruption in the duplex homopurine/ homopyrimidine tract may significantly destabilize the triplex, and SPE contains four purine interruptions in a run of 20 pyrimidines, we developed a new strategy by making use of the 15 bp PRR downstream. A series of GA-rich potential TFOs of different sequence or length were designed. We did not use pyrimidine third strand, as pH constrains the formation of pyrimidine-directed triple-helical complexes, which require cytosine protonation for stabilization. Each TFO we designed contains a run of 15 nt purine sequence at its 3′-end targeting PRR. TFOs of different lengths were designed to target part of or the entire of SPE. Data from gel mobility shift analysis demonstrates that, as expected, TFOs1 and 2, which target the perfect 15 bp PRR, showed high affinity for the target. In contrast, TFOs3-11 (25 nt), containing A, C or G opposite a single C-G base pair, bind the duplex target poorly, while TFOs12-14, which have a T placed at the position of C-G inversion, showed higher affinity to the target. Previous research (57) has shown that G in a pyrimidine motif TFO can recognize T-A conversion in the target, while here we show that in a purine motif TFO, T is the best choice to recognize the C-G inversion. According to the results from gel shift, TFO13 is more easily able to form triplex than TFO12, and TFO14 is the best of the three, indicating an order of T<A<G in affinity to the T-A inversion. However, in the following designed 33mer TFOs15 and16, we did not choose G opposite the first two T-A inversions since it would result in a G tract at least 6-9 nt long, which would be undesirable due to the propensity to form self-aggregates such as G-tetrads. Instead, A was used at the first two T-A inversions, G at the third and T at the C-G inversion. The results from gel shift assays demonstrated that both TFOs could form triplexes perfectly. The effect of the three As at the 3′-end of TFO was further investigated by designing another four 35mer TFO17-20. K d data showed that three As had a small negative effect on triplex formation by decreasing nearly 4-fold stability. The following DNase I footprinting experiments confirmed the sequence-specificity of triple helix formation by TFO1, 17 and 19. Based on these facts, we conclude that although G is a little better than A at T-A inversion site, A is still a good choice when it is undesirable to use G in a long tract of G surroundings.
In order to evaluate the effect of TFO on the binding of nuclear factors contained in nuclear extracts, we employed protein binding assays using the nuclear extracts from PMAtreated K562 cells, as PMA can promote PDGF-B gene expression at the transcription level (58) . As shown in Figure 4 , the formation of protein-DNA complexes was partly inhibited by increasing amounts of TFO1, completely inhibited by TFO18 and TFO20, and slightly inhibited by TFO2. These results are as expected, since TFO1, which is targeted to the 15 nt PRR downstream SPE, did not directly interfere with the binding site of the Sp family of transcription factors. The part inhibition may be due to the bending or stiffening of the target duplex by triplex formation, thus affecting the formation of the transcription initiation complex. Since TFO2 has three As absent at the 3′ end, in spite of the higher affinity to the target, the region it covers is rather too small to effectively alter the flexibility of the target duplex. The negative effect of three As at the 3′-end became less important when weighed against the possible benefits of covering a larger region on the target, the higher stability of TFO itself in vivo and more sequence specificity in triplex formation. The longer TFOs18 and 20 interfere with the SPE partly or entirely, therefore their ability to form triplex within the SPE contributes to the occlusion of the transcriptional factors. TFO1, 18 and 20 were used in further transfection experiments. Results from both the transient and stable transfections parallel the findings of the protein binding assays. The TFOs appear to specifically interact with the c-sis/PDGF-B gene promoter and repress PDGF-B transcription, since the K562 cell lines transiently and stably transfected with the luciferase gene driven by the same promoter showed dramatically decreased activity. Although we cannot directly demonstrate that triplexes formed inside cells, we propose that these unusual DNA structures formed by TFO1, 18 and 20 may be responsible for the reduction in PDGF-B expression in PMAtreated K562 cells. This inhibitory effect was found only in cells treated with TFO1, 18 and 20, and not in cells treated with TFO3 sharing nearly the same TFO composition with only one base difference.
Many modifications have been employed to improve the stability of TFO in vivo and its affinity to the target such as phosphorothioate (59) , N3′→P5′ phosphoramidate (np) linkages (60) and psoralen-conjugated TFOs (61), etc. Meanwhile, several specific ligands that can intercalate into triplexes and stabilize them have also been developed (62) . In this report, unmodified phosphodiester oligonucleotides were used. Therefore, there still remains a promising future for modified TFOs on the regulation of PDGF-B expression in vivo. Further experiments to explore the therapeutic applications of these TFOs in suppression of tumor growth and in animal model systems are in progress.
